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I. Introduction
The title of this conference, "Digital Divide, Digital
Opportunities," reflects some of the political tensions that have
surrounded the diffusion of computer and Internet use among the
American population. This paper reviews the most comprehensive
data on the topic. Consistent with the term "digital divide," it finds
that wide gaps remain in the use of both technologies among
economic and demographic categories. On the other hand, it also
documents increasing "digital opportunities." For example, the share
of Americans using the Internet soared from 22% in 1997 to 54% in
2001. Some of the fastest rates of growth have occurred among
groups with previously low rates of use.
Between 1995 and 2002, the Department of Commerce,
through its two bureaus, the National Telecommunications and
Information Administration (NTIA) and the Economics and
Statistics Administration (ESA), produced a series of increasingly
detailed reports on access to and use of computers and the Internet in
the American population.' The first three reports emphasized the
existence of a "digital divide." The emphasis shifted when Secretary
Norman Mineta came to the Department in the summer of 2000. He
preferred the term "digital inclusion" for the 2000 report, not to
reflect the extent of diffusion to date, but to convey more optimism
about future diffusion with appropriate policies.
For the 2002 report, the Bush administration chose the upbeat
label "A Nation Online" to emphasize the progress that has occurred
with a modest ongoing government role. Opposing sides in the
debate over how the government might spur diffusion have objected
to the titles and emphasis of succeeding reports over the years, but all
participants in the debate have generally accepted and used the
statistics in the reports. Thus, it is disappointing that the current
administration has cancelled the survey scheduled for September
2002 and has not yet committed to take another survey.
The findings from the 2001 survey published in the "A Nation
1. National Telecommunications and Information Administration (NTIA), Falling
Through the Net. A Survey of the "Have Nots" in Rural and Urban America (July 1995);
NTIA, Falling Through the Net If: New Data on the Digital Divide (July 1998); NTIA,
Falling Through the Net. Defining the Digital Divide (July 1999, revised Nov. 1999); NTIA
and the Economics and Statistics Administration (ESA), Falling Through the Net, Toward
Digital Inclusion (Oct. 2000); and NTIA and ESA, A Nation Online: How Americans Are
Expanding Their Use of the Internet (Feb. 2002.) NTIA and ESA are both part of the
Department of Commerce.
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Online" report have been organized around five themes. First, both
computer and Internet use have been increasing rapidly among
virtually every group. Second, significant differentials remain among
income, education, age, and racial/ethnic categories. Third,
alternative measures give conflicting answers to the question of
whether the "divide" is widening or narrowing. Fourth, schools have
substantially reduced disparities in overall computer use, but not in
Internet use. Fifth, the workplace has provided another important
avenue for the diffusion of computer and Internet use. These themes
are discussed successively in sections II-VI.
II. Rapid and Pervasive Diffusion
The share of the American population using the Internet rose
from 44% in August 2000 to 54% in September 2001. In just 13
months, a tenth of the population went online for the first time. This
rapid increase in Internet use was occurring among all income,
education, sex, and racial or ethnic categories.2
. 2. Unfortunately, the Department of Commerce could not determine the change in
the rate of Internet use by those with disabilities, because the Department had data only
for 1999 and 2001 and those data were not collected on a consistent basis.
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Figure 1 depicts how many states had a majority of their
population going online. The contrast between the picture for
August 2000 and that for September 2001 is striking. We have at least
90% confidence that states shaded dark have half of their population
online. With similar probability, the white states have less than half
their population online. States in the lighter gray states fall too close
to 50% to have that much confidence either way.
In August 2000, we had great confidence that only six states had
a majority online, but 13 months later we are confident that there
exist only six states where less than 50% of the population logs onto
the Internet.
Figure 1
2 Million New Internet Users a Month--
Most States cross 50% Threshold
Together from Aug 2000 to Sept 2001
Aug. 2000 Sept. 2001
kJ
* Greater than 50% of People Use The Internet (35)
fl Approx. 50% of People Use the Internet (9)
E Less Than 50% of People Use the Internet (6)
* In August 2000, few states had more than 50% of their population
using the Internet
0 By September 2001, most states had at least half of their
population online
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Although this paper's analysis will generally focus on Internet
use, it is useful to look at computer use too, because (at least for now)
few people are using the Internet without using computers. Figure 2
indicates that the share of the population using computers increased
markedly at every age level between 1997 and 2001. With rates
exceeding 90%, teenagers had the highest rates of computer use in
2001. The rate plateaus at roughly 70% for those in their early 20s
through those in their late 40s.
Figure 2
Computer Use Rises at All Ages;
Teens Now Above 90%
Percent - Computer Use Sept.2001
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The profile of the use rate by age level for Internet use (Figure
3) closely resembles the computer use profile. The peak occurs
among mid-teens who have rates above 70%. Another plateau occurs
at just above 60% for those from the early 20s to late 40s. While the
Internet use profile by age remains somewhat lower than the
computer use profile, Internet use accelerated much more from 1997
to 2001.
Figure 3
Much Larger Gains in Internet Use
at All Ages
-Internet Use Sept. 2001
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Finally, Figure 4 compares the rates of computer and Internet
use by age for 2001. The pattern for the school age population differs
from those beyond school age. Many preteens and teens are using
computers but not using the Internet. Beyond age 20 very few people
are using computers without using the Internet. Among those at least
20, Internet use in 2001 significantly exceeded computer use in 1997.
This suggests that, among those beyond school age, the increasing
popularity of the Internet contributed to greater computer use.
Figure 4
Highest Rate of Computer Users
Under 18, Many Not on Internet;
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III. Significant Differentials Remain
Despite the recent large gains, significant differentials remain
among different demographic and socioeconomic groups. We have
already noted differences by age level. One of the most pronounced
differentials occurs by income level. The next several charts
distinguish results for six distinct income levels, with the lowest
category having a household income of $15,000 or less; the highest
category of more than $75,000; and four categories in between with
breakpoints at $25,000; $35,000; and $50,000.
Figure 5 charts the rate of Internet use by persons in each
income category for October 1997 and September 2001. While every
income level had a very large increase over those four years, the
probability of Internet access continues to be closely correlated with
income. Only a quarter of people in the lowest income category were
using the Internet, which constitutes less than a third of the 79% rate
for those in the highest income group.
Figure 5
Rates of Internet Use Rise Sharply













US Internet Use Anywhere by Family Income, Persons Age 3 +
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Previous research has also found Internet use correlated with
educational attainment. Since income and education are themselves
correlated, the question arises as to whether one of the two factors
dominated the explanation of Internet use while the other factor was
spuriously correlated. Figure 6 breaks out each of the six income
levels by four education levels: less than high school education; a high
school diploma only; some college but not graduation; and a
bachelor's degree or more. If income were the dominant factor, we
would find small differences among education levels within an income
group. If education were dominant, then for any given education
level there would be small differences among income groups. Figure
6 shows, however, that both income and education are independently
related to Internet use. At every income level, we find large
differences by education level; for every education level, large
differences by income occur.
Figure 6
Income & Education:
Each Is Independently Related
to Internet Use




above $74,999 $49,999 $34,999 $24,999 $15,000
Income (Thousands)
Internet Use bv Income and Education. Persons Aae 25+. Seotember 2001
Race and ethnicity also help account for Internet use, above
and beyond the effects of income and education. By controlling for
the fact that blacks and Hispanics tend to have lower levels of income
2002]
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and education, we can account for most but not all of the difference
between those two groups and the national average. This probably
reflects the interaction between the social and religious relationships
and the segregation of American neighborhoods with so-called
"network effects." Network effects occur when a type of
communication requires that all parties adopt the same technology.
The value to an individual of adopting a "network effect" technology
rises dramatically as more and more of his or her contacts also adopt
it. Compared to a white person at the same income and education
level, a black or Hispanic is likely to have fewer social contacts using
the Internet, and thus less incentive to go online. Those incentives
must be changing rapidly, however, because the income and
education adjusted rates for both black and Hispanic Internet use in
2001 was comparable to the national rate in 2000.
The multiplicity of factors affecting Internet use go beyond
income, education, and race or ethnic background. For example,
within the Hispanic category, we can consider those who come from
homes where only Spanish is spoken distinctly from other Hispanics.
Figure 7 reveals that, at any given income level, those from homes
where only Spanish is spoken are far less likely to use the Internet
than other Hispanics who themselves are notably below the national
average.
Figure 7
Within Income Groups: Hispanics
Lower than Total; Even Lower If Only
Spanish Spoken at Home
Percent
Hispanic, Spanish1 0 0 ............... . ... ......... ......... ... Is n oi tSh o . "i5 6 i ................................ .................................................. .....  
90 taniguage spoken at
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1 0 ........
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spoken at home
0
< $15,000 $15,000- $25,000- $35,000- $50,000- $75,000 +
$24,999 $34,999 $49,999 $74-999
US Internet Total, Hispanic, and Hispanic Spanish Only, Use at Any Location by Family Income, Sept.
2001 Persons Age 3 +
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Some private surveys have reported that Hispanics have
achieved rates of Internet use comparable to the national average.
That finding seems implausible given the fact that Hispanics have much
lower incomes than the national average and income has such a
powerful effect on Internet use. Figure 8 compares the income
distribution for the U.S. population as a whole with that for all
Hispanics, and further divided according to whether only Spanish is
spoken at home. For the overall U.S. population, almost twice as many
people are in the highest income group than the lowest. For Hispanics
more than twice as many are in the lowest income group than the
highest. For a variety of reasons, private surveys have much lower
response rates from low income, minority, and non-English-speaking
respondents than do the Census Bureau surveys that form the basis of
this report.
Figure 8
More Low Income Households among
Hispanics -- Especially 'Spanish Only'--











U.S. Population Hispanics ispanics Not Hispanics
Spanish Only Spanish-Only
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3. Juan Carlos Perez, U.S. Hispanic Net Use Mirrors National Population, IDG
News Service, Computerworld <http://www.computerworld.com/developmenttopics/
websitemgmt/story/0,10801,79470,00.html> (Mar. 17, 2003).
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IV. Whether the "Divide" Is Widening Depends on the
Measure
Discussions of the diffusion of digital technologies often turn to
the question of whether the "digital divide" is widening or narrowing.
To address that question, the latest Commerce Department report
examined four measures of inequality and found mixed results.
Three measures focus on the "divide" between the highest and
the lowest group (sorted by income, race, etc.). To take a numerical
example, assume that the lowest group goes from 10% in the first
period to 19% in the second period, while the highest group goes
from 80 to 90%. The first (and probably most common) measure of
the "divide" simply tracks the percentage point gap between the
highest group and the lowest group. By that measure, the gap
widened from 70 to 71. The second measure looks at the rate of
change of the two extreme groups. By the second measure, the
"divide" narrowed because the lowest group grew much faster (90%
versus 12.5%). Of course, with an upper bound of 100%, the higher
group could not have gained more than 20 points or 25%. A third
measure of the "divide" gets around that limitation by measuring the
rate at which non-users begin to use the Internet. In the example
above, the lowest group had an adoption rate of 10% (9 out of 90),
much less that the highest group's adoption rate of 50% (10 out of
20).
A fourth measure of inequality, the Gini coefficient, avoids a
major weakness of the first three measures. By focusing solely on
changes in the top and bottom groups, those measures ignore changes
taking place among intermediate groups. Whether the broad middle
is going online rapidly or slowly makes no difference to the first three
measures of the "divide." The Gini coefficient, however, can indicate
changes in inequality over time while incorporating information on
distribution among all groups.
An ideal measure of inequality would also take into account
quality and intensity of Internet use, but the available data do not
permit that. The four measures of inequality above come from a
simple yes-no question: "Is the person using the Internet?" or "Is this
person using the computer?" The measure considers the person
occasionally using a 14 K dial-up connection at the library as
equivalent to the person who uses a broadband connection for hours
a day. To measure changes in inequality based on quality and
intensity, a more nuanced survey will be required.
Let us consider how the first three measures of inequality
2002]
changed between 1997 and 2001 when people are ranked according to
their household income. For each of six income categories, Figure 9
shows the proportion of the population online in October 1997 and in
September 2001. The correlation between income and Internet use is
quite apparent. Among persons with household incomes below
$15,000, 9% were using the Internet in October 1997 and 25% were
doing so in September 2001. People from households with incomes of
at least $75,000 were much more likely to go online in 1997 (45%)
and in 2001 (79%). By the first measure of the divide, the gap
between highest and lowest grew from 36 points in 1997 to 54 points
in 2001.
Figure 9
Bigger Point Gain in Users
for Higher Income Groups
Percent
100-
g o - .. . ............... i . ....... ................. ....I . .....
s0 ....... ................... - . Not Using in 2001
7 0 - .... . ... I I-.. ...................  ........
60 ....... ... ........... ..... .......... .....
50 - - -- - New Users by 2001
40-I
30 .... . ...
20 -- *Using by 1997
10
<$15,000 $15,000- $25,000- $35,000- $50,000- $75,000 +
S24,999 $34,999 $49,999 $74-999
US Internet Use at Any Location by Family Income, Persons Age 3 +
Note that the 34 point gain for the highest income group was
proportionately matched by the three income categories between
$25,000 and $75,000. So, even in simple point change terms, the gap
between the top and middle did not widen.
In terms of the second measure, the rate of growth relative to
the initial level, we find a negative correlation with income. Only the
highest income group failed to at least double its 1997 rate. That
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group's 34 point gain represented a 76% increase from their initial
45% in 1997. In going from 9% to 25%, the lowest income group
increased by 178%.
Income correlates positively with the third measure, the rate of
adoption. For the highest income group, the 34 point gain
represented 62% of the 55% who were not online in 1997. In
contrast, those not online among the lowest income persons declined
from 91% to 75% for an adoption rate of only 18%.
Measures 2 and 3 provide some insights about the role of
networks over and above affordability related to income. To the
extent that our society is socially segregated by income, measure 2
suggests that lower income groups are building networks faster, but
from a much lower base. In addition, in considering the stark
contrasts by income for measure 3, we should remember that
"network effects" probably play a role over and above the
affordability reflected by income differences. A network that
provides connections to 45% of one's social contacts has more
attraction than one with 9%.
Economists often use the fourth measure of inequality, the
Gini coefficient, because it incorporates information about the entire
distribution of income, not just two arbitrarily drawn groups at the
top and bottom. The Gini coefficient measures the extent that the
actual distribution departs from absolute equality as described by a
Lorenz curve. Analysts typically use the Gini coefficient to examine
the distribution of income, but the same formula may be used to
measure the distribution of computer or Internet users among groups.
2002] DIGITAL DIVIDE, DIGITAL OPPORTUNITIES
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Figure 10 depicts the Lorenz curve for the distribution of
households with computers in 1984 and 2001. In 1984, the 43% of
households at the lower end of the income scale accounted for just
12% of households with computers. Over the next 17 years, many
more households acquired computers and lower income households
grew faster from a lower base. As a result, by 2001, the 45% of
households with the lowest income represented 27% of households
with computers. While their share of households with computers
remained well below their share of the population, the gap from
complete equality narrowed substantially between 1984 and 2001.
Figure 10
Lower Income Groups Gaining a
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The Gini coefficient is a statistic that compares the area
between the diagonal line (representing complete equality) and the
bowed line representing the actual distribution, taken as a share of
the triangle representing complete inequality, defined by (0,0), (1,0),
and (1,1). Figure 11 plots the Gini coefficient for the distribution of
household computers for seven surveys taken from 1984 to 2001. It
indicates a continuous decline in inequality over those 17 years.
Figure 11
Index of Inequality (Gini coefficient)
Registers Steady Decline
for Computer Use by Income Groups
0.50
0.0t
1984 1988 1990 1992 1994 1996 1998 2000
Gini Coefficients for Households with Computers, Selected Years
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The Gini measure of inequality has also declined for Internet
use (See Figure 12). As the share of Internet users grew faster among
middle and lower income than among higher income people, the Gini
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Lorenz Curve - Internet Use at Home vs. Family Income
We may also use the Gini coefficient to compare inequality in
Internet use among countries, as shown in Figure 13. By this
measure, the inequality in Internet use in the U.S. exceeds that of
Canada, comes in well below France, and is roughly comparable to
the Netherlands.
Figure 13
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V. Role of Schools in Diffusing Computer and Internet Use
The fact that children 10 to 17 have rates of computer use
exceeding 90%, as shown in Figure 4, reflects the dramatic role that
schools play in the diffusion of computer use. With 23% of those
children using computers only at school, schools helped to equalize
children's opportunities to use computers. On the other hand,
schools had a more modest role in raising children's rates of Internet
use: only 13% used the Internet only at school. In addition, schools
were doing little to reduce differentials among income groups in 2001.
Despite notable gains across the income spectrum between
1997 and 2001, household income continues to be closely associated
with the likelihood that a child uses a computer or the Internet at
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home. (See Figures 14 and 15.) Among children from homes with
incomes below $15,000, only a third were using computers at home in
2001 and a fifth were using the Internet at home. Children in
households with incomes of at least $75,000 were three times as likely
to use a computer at home as the lowest income children.
Figure 14
Computer Use at Home:
1/3 for Low Income Kids
Above 90% for High Income Kids
Percent
100
90 -. - -
80 - --- _-
60- o ....... ... ........
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30o
20 - -- - --- l-[Sept. 2001
10 .L_ oct. 1997
0
< $15,000 $15,000- $25,000- $35,000- $50,000- $75,000 +
$24,999 $34,999 $49,999 $74,999
US Computer Use at Home by Family Income, Persons Age 10 to 17
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Figure 15
Internet Use at Home:
21% of Low Income Kids
83% of High Income Kids
Percent
100
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Income was associated with only modest differences in
computer use at school: 81% of the lowest income children were
using computers at school compared to 89% of the highest income
children. (See Figure 16.) As a result, the differentials in Internet use
anywhere were much narrower than for home use only. Notice that
the "Anywhere" line (top line) in Figure 16 is much flatter than the
"Home" line (bottom line), although somewhat steeper than the
"School" line (middle line).
Figure 16
Kids' Use of Computers:
Schools Narrow the Differentials
among Income Groups Substantially
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The differentials among income levels are much wider for
Internet use than for computer use in part because schools do little to
close the gap. As shown in Figure 15, the highest income children
were four times as likely to use the Internet at home as the lowest
income children (83% versus 21%). Unlike the modest differential
for school computer use, school Internet use was almost twice as high
for the highest income as for the lowest income children (63% versus
34%). (See Figure 17.)
Figure 17
Internet Use at School:
34% for Low Income Kids
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Moreover, by any measure, the gap widened from 1997 to 2001.
Barely half as many of the lowest income children were using the
Internet somewhere (46%) as the highest income children (88%).
(See Figure 18.)
Figure 18
Kids' Use of the Internet:
Schools Narrow the Differentials
among Income Groups Modestly
100-
90
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Unfortunately, we do not have measures of computer and
Internet use that reflect either intensity or quality of use. The survey
measures only whether a person is using the computer or the Internet.
It cannot distinguish between those children who go to a school
computer lab occasionally to play games from those who are being
well trained in the use of practical software applications.
Furthermore, increased exposure to a technology may not always be
favorable. A cautionary tale about the use of calculators in math
classes also bears repeating in this context.4 Some educators have
become concerned about a "reverse digital divide," with calculators
being used more frequently in mathematics classes of schools with
4. Daniel Golden, For Inner-City Schools Calculators May Be the Wrong Answer,
Wall Street Journal Al (Dec. 15, 2000).
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lower income children than in those with higher income children.
They worry that the over-reliance on calculators is causing lower
income kids to be taught math concepts less effectively.
VI. Role of the Workplace in the Diffusing Computer and
Internet Use
The workplace provides another important vector for diffusion
of computer and Internet use in our society, not just for the
individuals using them at work, but also for their family members.
Households in which someone was using the computer at work were
much more likely to have a computer in the home than households in
which no one used a computer at work. For example, 78% of the
former households had a computer in the home versus 36% of the
latter. Figure 19 shows that having someone in the household using
the Internet at work had a similar effect on the likelihood of having
(or not having) the Internet at home.
Figure 19
Computers and Internet in Homes:
Much More Likely if Someone in the
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A comparison of Figures 20 and 21 reveals the importance of
having someone in the household using the Internet at work and,
conversely, the importance of income when no one uses the Internet
at work. Fifty-seven percent of households with incomes below
$15,000 had the Internet at home when someone in the household
was using the Internet at work. On the other hand, among
households where no one used the Internet at work, only 15% of the
lowest income households had Internet at home. If no one in the
household was using the Internet at work, no group with income
below $50,000 had as many as half of homes with Internet access.
Figure 20
Income Matters Much Less
Among Households with Someone
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Figure 21 *
Steep Gradient If No One in the
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Unlike the schools with computers, the workplace appears to
offer a limited mechanism for the diffusion of computer and Internet
use into low-income households. Figure 22 shows that barely one fifth
of workers from the lowest income households were using a computer
at work in 2001 and that the likelihood of using a computer at work
rises sharply with income.
Figure 22
Likelihood of Computer Use at Work:
Rises Sharply with Family Income,
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Moreover, the rate of computer use at work did not change
appreciably for any income group from 1997 to 2001. On the other
hand, Internet use did rise significantly for workers at all income
levels between 1997 and 2001 and probably did contribute to
increased Internet use in lower income households. (See Figure 23.)
However, the rates of Internet use at work appear to be shifting
toward the steep and unchanging line for computer use at work seen
in Figure 22.
Figure 23
Likelihood of Internet Use at Work:
Moving Toward Same Likelihood as
Computer Use
Percent
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The workplace has contributed to the gains in computer and
Internet use among women. Of the seven broad occupational
categories, two have much higher rates of computer use at work and
women comprise a majority of both (Figure 24).
Figure 24
Only 2 Occupation Categories Have
High Rates of Computer Use at Work,
Women a Majority in Both
Percent
Employed Persons Age 25 and Over by Occupation, Sept. 2001
Managerial and Technical, Precision Service Operators, Farming,
Professional Sales, and Production, Fabricators, Forestry, and
Speciality Administrative Craft, and and Laborers Fishing
Support Repair
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Those same two occupational categories also had the highest
rates of Internet use at work (Figure 25). In every occupation,
Internet use at work rose significantly more during the 13 months
from August 2000 to September 2001 than it did during the 20 month
span that preceded it.
Figure 25
Only 1 Occupation Category with
Majority Using Internet at Work,
But Notable Gains in All Categories
Percent Percent of People in the Occupation Who Use InternetE-Mail at Work
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Because women are more concentrated in occupations with
higher computer and Internet use at work, they are more likely than
men to use computers at work at every age level (Figure 26) and to
use the Internet at work up through age 57 (Figure 27).
Figure 26
Women More Likely than Men
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VII.Conclusion
Computer and Internet use has diffused remarkably rapidly in
American society. Diffusion has occurred more rapidly among higher
income and more educated families. Even after controlling for
differences in income and education, both Black and Hispanic
families have lower rates of computer and Internet use than the
national average.
Schools play an important role in the diffusion of digital
opportunities among children. In the case of computer use, schools
have substantially filled in the wide gap between the rates of home
computer use of high and low income children. The gap between
high and low income children is even larger for Internet use at home.
Despite the increasing opportunity to use the Internet for educational
purposes, schools have not narrowed the income gap nearly as much
for Internet use as they have for computer use.
The work place also plays a role in the diffusion of computer
and Internet use, particularly among women. Low-income people
using the Internet at work have relatively high rates of Internet use at
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home. Unfortunately, Internet use at work does very little to narrow
the gap in overall Internet use by income because such a small
proportion of low-income people actually use the Internet at work.
